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CHAPTER 10. WEIGHT AND BALANCE

SECTION 1 TERMINOLOGY

10-1. GENERAL. The remova or addition
of equipment results in changes to the center of
gravity (c.g.). The empty weight of the air-
craft, and the permissible useful load are af-
fected accordingly. Investigate the effects of
these changes, since the aircraft flight charac-
teristics may be adversely affected. Informa-
tion on which to base the record of weight and
balance changes to the aircraft may be obtained
from the pertinent Aircraft Specifications, Type
Certificate Data Sheet (TCDS), prescribed air-
craft operating limitations, aircraft flight man-
ual, aircraft weight and balance report, and
maintenance manual. Removal or addition of
minor items of equipment such as nuts, bolts,
rivets, washers, and similar standard parts of
negligible weight on fixed-wing aircraft do not
require a weight and balance check. Rotorcraft
are, in general, more critical with respect to
control with changes in the c.g. position. The
procedures and instructions in that particular
moded’s maintenance or flight manua should
be followed.

10-2. TERMINOLOGY. The following
terminology is used in the practica application
of weight and balance control.

a. Maximum Weight. The maximum
weight is the maximum authorized weight of
the aircraft and its contents as listed in the
specifications.

b. Empty Weight. The empty weight of
an aircraft includes all operating equipment that
has a fixed location and is actualy installed in
the aircraft. It includes the weight of the air-
frame, powerplant, required equipment, op-
tional and specia equipment, fixed ballast, full
engine coolant, hydraulic fluid, residual fuel,
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and oil. Additiona information regarding flu-
ids that may be contained in the aircraft sys-
tems and must be included in the empty weight
will be indicated in the pertinent Aircraft
Specifications or TCDS.

c. Useful Load. The useful load is the
empty weight subtracted from the maximum
weight of the aircraft. Thisload consists of the
pilot, crew (if applicable), maximum oil, fuel,
passengers, and baggage unless otherwise
noted.

d. Weight Check. The weight check con-
sists of checking the sum of the weights of all
items of useful load against the authorized
useful load (maximum weight less empty
weight) of the aircraft.

e. Datum. The datum is an imaginary
vertical plane from which all horizontal meas-
urements are taken for balance purposes with
the aircraft in level flight attitude. The datum
is indicated in most Aircraft Specifications or
TCDS. On some of the older aircraft, when
the datum is not indicated, any convenient da-
tum may be selected. Once the datum is se-
lected, all moment arms and the location of the
permissible c.g. range must be taken with ref-
erence to it. Examples of typical locations of
the datum are shown in figure 10-1.

f. Arm (or Moment Arm). The arm (or
moment arm) is the horizontal distance in
inches from the datum to the c.g. of an item.
The algebraic sign is plus ( + ) if measured aft
of the datum, and minus ( - ) if measured for-
ward of the datum. Examples of plus and mi-
nus arms are shown in figure 10-2.
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FIGURE 10-1. Typical datum locations.
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OIL COOLER 5L8S.

~—ARM 60"

ARM 20"

b

—————
MINUS ARM

PLUS ARM

BAGGAGE 60LBS.

FIGURE 10-2. Illustration of arm (or moment arm).

g. Moment. The moment is the product
of aweight multiplied by itsarm. The moment
of an item about the datum is obtained by mul-
tiplying the weight of the item by its horizontal
distance from the datum. A typical moment
calculation is given in figure 10-3.

h. Center of Gravity. The c.g. is a point
about which the nose-heavy and tail-heavy
moments are exactly equal in magnitude. If the
aircraft is suspended from the c.g., it will not
have a tendency to pitch in either direction
(nose up or down). The weight of the aircraft
(or any object) may be assumed to be concen-
trated at its c.g. (Seefigure 10-3.)

i. Empty Weight Center of Gravity.
The empty weight c.g. is the c.g. of an aircraft
in its empty weight condition, and is an essen-
tial part of the weight and balance record.
Formulas for determining the c.g. for tail and
nosewhedl type aircraft are given in fig-
ure 10-4. Typica examples of computing the
empty weight and empty weight c.g. for air-
craft are shown in figures 10-5 and 10-6.

Par 10-2

J. Empty Weight Center of Gravity
Range. The empty weight c.g. range is deter-
mined so that the empty weight c.g. limits will
not be exceeded under standard specifications
loading arrangements. Calculations as outlined
in paragraph 10-16 should be completed when
it is possible to load an aircraft in a manner not
covered in the Aircraft Specifications or TCDS
(extra tanks, extra seats, etc.). The empty
weight c.g. range, when applicable, is listed in
the Aircraft Specifications or TCDS. Calcula-
tion of empty weight c.g. is shown in fig-
ures 10-5 and 10-6.

k. Operating Center of Gravity Range.
The operating c.g. range is the distance be-
tween the forward and rearward c.g. limits in-
dicated in the pertinent Aircraft Specifications
or TCDS. These limits are determined for the
most forward and most rearward loaded c.g.
positions at which the aircraft meets the re-
quirements of Title 14 of the Code of Federa
Regulation (14 CFR). The limits are indicated
in the specifications in either percent of mean
aerodynamic chord (MAC) or inches from the
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DATUM —=

CENTER OF GRAVITY OR
POINT OF BALANCE

!

C.G. and the datum.

The entire aircraft weight may be considered to be
concentrated at the center of gravity. Therefore, the
moment of the aircraft about the datum is the weight of
the aircraft times the horizontal distance between the

Example: If the weight of this airplane is 2000 Ibs.
and the arm from the datum to the center of gravity
is 16 inches, the moment of the aircraft about the
datum is 2000 x 16 or 32,000 in. Ibs.

FIGURE 10-3. Example of moment computation.

datum. The c.g. of the loaded aircraft must be
within these limits at al times as illustrated in
figure 10-7.

I. Mean Aerodynamic Chord (MAC).
The MAC is established by the manufacturer
who defines its leading edge and its trailing
edge in terms of inches from the datum. The
c.g. location and various limits are then ex-
pressed in percentages of the chord. The
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location and dimensions of the MAC can be
found in the Aircraft Specifications, the TCDS,
the aircraft flight manual, or the aircraft weight
and balance report.

m. Weighing Point. If the c.g. location is
determined by weighing, it is necessary to ob-
tain horizontal measurements between the
points on the scae at which the aircraft's
weight is concentrated. If weighed using
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<— DATUM

——— D

C.G

=
NOSE WHEEL TYPE AIRCRAFT

DATUM LOCATED FORWARD OF THE
MAIN WHEELS

c.e.=n-(Fh’;'—)

TAIL WHEEL TYPE AIRCRAFT

DATUM LOCATED FORWARD OF THE
MAIN WHEELS

C.G.= m(“v’;'-)

NOSE WHEEL TYPE AIRCRAFT TAIL WHEEL TYPE AIRCRAFT
DATUM LOCATED AFT OF THE DATUM LOCATED AFT OF THE
MAIN WHEELS MAIN WHEELS
g FXL a3 RxL
C.G.= (n+ X ) C.G. n+( N )

C.G. = Distance from datum to center of gravity of the aircraft.
W = The weight of the aircraft at the time of weighing.
D = The horizontal distance measured from the datum to the
main wheel weighing point.
L = The horizontal distance measured from the main wheel
weighing point to the nose or tail weighing point.
F = The weight at the nose weighing point.
R = The weight at the tail weighing point.

FIGURE 10-4. Empty weight center of gravity formulas.
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DATUM (LEADING EDGE OF
WING ROOT SECTION )

COMPUTED

rvlgﬂ-i . :
TARE 27 LBS.

EFT SCALE 565 LBS. SCALE READING

WEIGHING POINT { | )~ RiGHT SCALE 564 LBS
(G MAIN WHEE:_q ™ l/R SCALES | F67 LBS.
D. MEASURED—»= e e WEIGHING POINT
r4——L, MEASURED~~——a1  (§ TAIL WHEEL)

TO FIND: EMPTY WEIGHT AND EMPTY WEIGHT CENTER OF GRAVITY

Datum is the leading edge of the wing (from
aircraft specification)

(D) Actual measured horizontal distance from
the main wheel weighing point(¢ main wheel)
to the Datum -

________ -3
(L} Actual measured horizontal distance from
the rear wheel weighing point (¢ rear wheel)
to the main wheel weighing point ~---—---eeermereo-

R - w2207
SOLVING : EMPTY WEIGHT

Weighing Scale Tare # Net
—beint | Reading # Yieight #
Right | 664 1 O | 664

| Left 060 3] 860
 Rear 87 27 40

_Empty Weiaht () 1169

SOLVING: EMPTY WEIGHT CENTER OF GRAVITY

RxL 40 x 222
Formula: CG.=D+ w =3"+" 1168 =3"+7.6"=106"

Reference for formula, Figure 10-4.

This case is shown properly entered on a sample weight and
balance report form, Figure 10-17

FIGURE 10-5. Empty weight and empty center of gravity - tail-wheel type aircraft.
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DATUM (LEADING EDGE OF
WING ROOT SECTION)

COMPUTED

COMPUTED
LEFT SCALE 620 LBS., TARE 5LBS.
RIGHT SCALE 609 LBS., TARE 5 LBS.

WEIGHING POINT— ~_———D, MEASURED

(@ NOSE WHEEL) |
'« WEIGHING POINT
L, MEASURE (€ MAIN WHEEL)

TO FIND: EMPTY WEIGHT AND EMPTY WEIGHT CENTER OF GRAVITY

Datum is the leading edge of the wing (from

aircraft specification)

(D) Actual measured horizontal distance from

the main wheel weighing point (¢ main wheel)

to the Datum --——-——— oo --e-
......... -34.0
{L) Actual measured horizontal distance from

the front wheel weighing point (§ front wheel)
to the main wheel weighing point --------==eeeeneeen

e e e e e s s a e # i e s 67.8"
SOLVING : EMPTY WEIGHT
Weighing Scale Tare Net
___Point | Reading Weight |
 Right 609 ] 604
 Left 620 5 615
Front 464 10 454
| Empty Weight (A0 1673
SOLVING: EMPTY WEIGHT CENTER OF GRAVITY
Formula; C.G.=D- FxL_ 3"+ S Ru g =34"-18.3"=15.7"

w 1673

Reference for formula, Figure 10-4.

FIGURE 10-6. Empty weight and empty weight center of gravity - nosewheel type aircraft.
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C.G. RANGE, THE LOADED C.G. MUST BE
—/7Z7*— WITHIN THE LIMITS SHOWN ON THE AIR-
t.,%4  CRAFT SPECIFICATION FOR ALL FLIGHT
i 1777  OPERATIONS.
¥~
DATUM—=~ ¢ o
FORWARD LIMIT—— (" ’l=—REARWARD LIMIT
¥ r’:f P
w
o !{r_:i
7
g cG.

FIGURE 10-7. Operating center of gravity range.

scales under the landing gear tires, a vertica
line passing through the centerline of the axle
will locate the point on the scale at which the
weight is concentrated. This point is called the
“weighing point.” Other structural locations
capable of supporting the aircraft, such as jack
pads on the main spar, may aso be used if the
aircraft weight is resting on the jack pads. In-
dicate these points clearly in the weight and
balance report when used instead of the landing
gear. Typica locations of the weighing points
are shown in figure 10-8.

n. Zero Fuel Weight. The maximum
permissble weight of a loaded aircraft
(passengers, crew, cargo, etc.) less its fud is
zero fud weight. All weights in excess of
maximum zero fuel weight must consist of us-
able fudl.

0. Minimum Fuel. The minimum fud for
balance purposes is 1/12 gallon per maximum-
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except-take-off horsepower (METO). Mini-
mum fuel is the maximum amount of fuel which
can be used in weight and balance computa-
tions when low fuel might adversely affect the
most critical balance conditions. To determine
the weight of fuel in pounds divide the METO
horsepower by two.

p. Full Oil. The full ail is the quantity of
oil shown in the Aircraft Specifications or
TCDS as oil capacity. Use full oil as the quan-
tity of oil when making the loaded weight and
balance computations.

g. Tare. The weight of chocks, blocks,
stands, etc., used when weighing arcraft is
called tare and is included in the scale readings.
Tare is deducted from the scale reading at each
respective weighing point when tare is in-
volved, to obtain the actua aircraft weight.
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WEIGHING POINT
(G MAIN WHEEL)

SCALE

WEIGHING POINT

7 (¢ TAIL WHEEL)

SCALE

. WEIGHING POINT
(G NOSE WHEEL)

SCALE

WEIGHING POINT
( JACKPAD)

FIGURE 10-8. Weighing point centerline.

10-3.3410-13. [RESERVED.]
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